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Raman was apparently unimpressed by Ramanathan's weak flu-
orescence t h eory of the phenomenon. His ovm theory, which was 
as yet unpublished , maintained that this was a new type of 
sec ondary radia t ion distinct from fluorescence . He also thought 
that it might be in some respect analogous to the Comp ton effec 
To test his theory he immediately undertook a full experimental 
re-investigation of the subject in collaboration with Krishna~ 
This produced successful results. 
Their first job was to ascertain whether the phenomenon 
is shown in all li quid s . With this as t h eir object eighty 
different liquids were examined , 
effect. Next a number of gase s, 
and all definitely sh owed the 1 
crystals, and amorphous solids I 
I 
were examined, and in these, too, the effect was obser ved. Tbis / 
led them to conclude that the phenomenon was of a universal na-
ture. Raman first announced his own observations and those of 
his as s ociates in March , 1928 , in an address, entitled "A New 
Radiation~ delivered to the South Indian Association at Bang~ 
lore. The phenomenon has since been known as the Raman eff ect. 
Other Investigators . Raman and his as s ociates wer e not 
the only ones who studied the scatter ing of light by molecules. I/ 
I
I 
Landsberg and Mandelstam in Russia were enga ged in similar stu- J 
dies of solids and , simultaneously with Raman but independently, ! 
made known an equivalent discovery. It is reported that as I 
long a go as 1869 Lallemand experimen tally ob ser ved a phenomenon j 
I 
involving the eff ect of light upon molecules. In 1923 Smekal I 
I 
I predicted the effect by pointing out that a photon incident on !I 
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DESC HIP'l'I ON 
Vibration and Rotation_Spectra. --- Since Raman spectra 
belong in the class of molecul ar spectra, it seems natural to 
start t his chap ter, in ·which we shall attempt to describe the 
Raman effect, with a brief discussion of the energy states and 
corresponding spectra of the molecule . The total internal energ , 
state. of a molecule is derived pa,tly from the motions of its [' 
constituent electrons, partly from the mutual vibrations of its 
constituent nuclei, and partly from the rotation of the molecule 
as a whole. 'I'he interaction among _ these t hree motions is ne gli-
gi ble, so that the three k i nds of energy are quantized sepa-
rately, producing three kinds of moleculBr spectra, namely, 
electroni c, vibrational, and rotational. As the electronic 
energy states are normally several electron-volts above the 
ground state, electronic sp ectra are limited almost entirely to 
the visible and ultra-violet regions of the spectrmn. The 
vibrational energy sta tes are only several tenth s of a volt, 
and the rotational sta t es about a hundredth of a volt above 
the gr ound state, so the spectra corresponding to change s in 
these occur in the inf ra-red region, the f ormer being limited 
to the region extending approximately between l micron and 
30 microns, the latter ex tending from 15 microns to 500 microns 
(micron (p) = 10-4cm. = .001 mm.). There is in addition to the 
spectra just mentioned, another k ind of vibration and rotation 
spectr~~ which is possessed by every molecule , and that is its 
Raman spectrum. 'I'his spectrum, although closely related to the 
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Table 1 . Data from Raman sp ectra of CCl4 
~ 
Wave-length (A ) Wave- leng th Wave number Wave number Wave number 
( A) of ex- · of exciting of modified ra- of modified diff erence 
citing ra- radia tion diation in A.D. radiation between ex-
diation in citing and 
A. D. modified ra-
diations 
4046.8 24703~9 4082 . 0 244 90.·9 213 . 0 
4098. 3 24393. 2 310 . 7 
4127. 7 24249. 1 454. 8 
4174 . 4 23948. 8 755 . 1 
4179 . 6 23919 . 0 784 . 9 
4077 24516.1 4155 . 0 24060. 6 455 . 5 
4358 22938.3 4317. 3 23156 . 1 - 217. 8 
-lt-4400 . 2 22719 . 9 2:1-8. 4 
4299. 45 23252 . 3 - 313. 9 
·!t-4419. 0 22624.0 314. 3 
4272. 6 23398. 4 - 460. 1 
*4447. 05 22480.5 457. 8 
-~~4507 . 35 22179. 8 758. 5 
·;}4513. 7 22148. 4 789. 9 
4347 22995 . 3 4388. 8 22779. 4 215. 9 
4407. 5 22682 . 3 313. 0 
4435 . 6 22538. 6 456.7 
4339 23039. 3 4426. 9 22582. 9 1 456. 4 
- · - - · - - - - - --- - -- - · -- -- - - - - -
,_ -
- --- - - - · - -- --·· --~- - -- - --- --- - - ---- - - ---- - -- -- ·- - -- -
The triplets and doublets symmetrically disposed relative to the exciting 
line (Hg 4358) are indicated by asterisks . A minus sign before a wave nu..mber 
difference indi ca tes that the corresponding Raman line is an anti- Stokes line. 
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i ncident r adiation and the f l uorescing water. 
jthat a violet fi l ter increa ses the intensity of 
i cence, '\ivhile a r ed fi l t er has but a ve J..~y s ligh t 
It was found 
r~x· een f luores-
e f fec t . 
Fluore scence appea r'S t o di f f er f r om Raman scat t ering and 
1
from 
I 
Rayleigh scat tering only in deer e e and not i n ba s i c prin-
!ciple. Fluorescence, unlike ::iaman radiations , may b e exc ited 
[on l y by light of de f i nite frequencies, namel y , l i ght which is 
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rrlns absorbed l i ght may j! ab sorbed by the f l uore scent sub stance . 
!be 
i 
re- emi tted at a lovver frequency or unchanged in frequency . i! 
li 
irn 
I 
t h e latter case the ph enomenon is called r e sonance f l uores-
I' cence . Li ght of a f r equency h i gher t han t hat of the exci tin g 
r adia tion may a l so be emitted , but this only i f the mo l ecule s 
,: 
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of the fluorescent substance a r'e a l ready in an excited state. i! 
il 
In Heman scattering , a s was shovm , t his is the anti- Stokes effec·~ 
Finally , i t shoul d be a dded tha t the time r equired for t he pro- I! 
ce s ses of absorp tion and re- em~ission in fluorescence i s gen-
erally a b out l0- 9 s econd. Raman spectra and f l uorescen ce t h us 
differ in absorption f actors, r elat ive intensities , and the 
time element . 
Relat ion to t h e Cm~mton Effect . - vVhen a beam of x - r ay 
monochx•omo. ti c radi ation stx'ikes a substance, the sea ttered 
ra d iation consi s t s of t wo fr e quenc ies , one being t he same as 
,! 
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t hat of t he incident b eam, t he other b eing diff erent. 
fel"enc e in f r equency depends on the ane;le of sea ttering. 
phenomenon was di scovered by A. H. Comp ton who ·worked out 
theory. If a photon, wh ose enerGY is h 1", stri k es an a tom, 
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/ 
temperature changes in the optical apparatus, stray radiations, 
and vibration of the spectrograph . These factors militate 
against obtaining a good spectrum. 
Methods of Irradiation. --- Since each exciting frequency 
produces a complete series of Raman line s , it is very important 
-that the exciting light be monochromatic. Once a certain wave-
~ength for exciting the Raman line s has been decided upon, the 
apparatus is so arranged that this radiation will pass through 
the substance whose Raman spectrilla is to be obtained and at 
right angles to the end part of the spectrograph. This lessens 
to some extent the amount of direct radiation fl"Om the source 
incident on the opening of the spectrograph. It always is the 
aim to focus into the spectrograph only the radiation which is 
scattered from the molecules being investigated. 
Light Sources for Exciting Raman Spectra. - The source 
of light most com.monly employed for exciting Raman spectra is 
the mercury arc. This type of arc pl"ovides the five exciting 
lines 5461 A, 4358 A, 4047 A, 3650 A, and 2537 A, among many I 
others, which, because of their adequate i n tensity and fairly I 
good separation from other lines, are suitable for this purpose. ! 
The above are shown in the diagram of t h e mercL.U'Y spectrmn in I 
Fi gur•e 4. 'rhe t h ree lines commonly used and considered i mport-
ant are the 4358 A, t h e 4047 A, and the 2537 A. Of these the 
4358 A is most f'requen.tly used; however its utility depends on 
the elimination of the 4047 A as a simultaneous source of 
excitation. Because of their comparatively short wave leng t h s 
====:l:l======-=-=-=-=- ===--=-==-===--===--==:.-==-==--====--=-·=-=--=====--=-=---==---=-===-



ver y weak Raman lines. This continuous background is increasing 
ly troublesome the l on ger one exposes to intensify the vv eak 
Raman line s . Sever al fa ctoPs rrmy cause a continuous backgroun.d. 
A ·c ommon one is the Rayleigh scatte ~c""'ing of the weak continuous 
s pectrum in the soul"ce. Th is, f or the mercui'Y a1~c, can be di-
minished by concen."GI'ated solutions of didymium ch loride or of 
m- dini trobenzene in benz ene , -.,vi thou.t seriously lessening the 
intensity of t he exc iting lines. For diminish ing the ba ckground 
betwe~n t h e 4358 A and 54 61 A l ines a solution of cobaltithio-
cyanate is recorrrrnended. Oth e r causes of a continuous backgr ound 
may be (1) the pre sence of tiny dust particles or other similar 
inipurities in the sea tteri ng substance, and ( 2 ) some photo-
chemical p rocess t ak ing p lace i n the scatter ing substance . The 
fo~rme!..""' may be eliminated by r epeated di stillation; Y.rhi le the 
latter may be eliminat e d by identify ing and removing the r·e-
sponsible frequency by means of a sui tab le filter . 
Certain f i l ters which have been f ound ve r y useful f or 
isolating particular line s of the :r1er cur y or h eli urn arc are 
g iven in Table 2. 
Kinds of Pla te s. -- The selection of p lates to be used 
is deterrnined mainly by t \vo fa ctors , namely, the speed of the 
spectrogr aph and the wealmess of the Raman lines . For a . spectra 
I 
graph of aperture f / 4 to f/6 a slower and finer grained p late I 
is recorrrr.1ended. Th is is known to hav e a sp ecial a dvan:t.a g e v:rhen I 
I 
. l t t J.. • l:; ' d If ic1L" e • t. d. 1' nu crop 1.0 ome er uraclng s are · o oe rna e . .., . .~. excl :Lng ra :La- '\ 
t i on is the Hg 2537 A line, a medium- speed and medium- c;rained 
29 
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thls concentrat.lon has the formula N020H and not the usual one I! 
of HN03. On dilution a line at 1050 cm;l, characteristic of' the 'jl 
N03 ion in solutions or in crystalline nitrates, appears. This I 
N03 line is intensified up to a maximum with increasing dilution 
and then diminishes in intensity, while the line due to the acid l 
itself gradually becomes weaker and disappears altogether. The l1 p 
dilution at which the acid line disappears is the same as the. t 
jl 
'I !I 
II at which the intensity of the N03 line is at a maximum. Thus, 
the intensity of the Raman line due to the N03 ion demonstrates j 
lj 
the change of ionization vvi th dilution, and may be used as a 
measure of the degree of such ionization in the acid. 
The Effect in the Study of Chemical Reactions. -
Parthasarathy's study of a Qnidirectional chemical reaction 
involving acetic anhydride and water exemplifies an additional 
application of the effect. A change ·which is most t ypica l of 
this mixture is the immediate intensification of the line at 
888 cm;l which is due to newly formed acetic acid molecules. 
Another is the app earance of' the line at 621 cm;l which is 
characteristic of the acid. This line at 621 cm;l is gradually 
intensified in proportion as the one at 665 cm;l, due to the 
i' 
I 
I 
I 
anhydride, gradually becomes weaker and tends to disappear. The 1 
,I 
I' 
I 
relative intensity of the two lines is clearly related to the 
degree of reaction. Parthasarathy claims that the relative 
intensity of t wo such lines in any mixture, as we have here, 
may be used as a measure of the extent of the r eaction. 
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